Studies on the cord serum lipid transport system were initiated to determine whether there is a correlation between decreased cord serum lipid levels and the absence or diminished level of some or all of the human serum apolipoproteins. Immunologic studies indicated the presence of all the well-characterized apolipoproteins and provided evidence that these apolipoproteins occurred primarily as distinct lipoprotein species with a paucity of association complexes or what others have termed "triglyceride-rich" lipoproteins. Quantitation of the apolipoproteins present in cord serum by electroimmunoassay yielded the following mean levels: A-I = 730 mg/liter; A-11 = 410 &liter; apolipoprotein B = 280 mg/ liter; C-I = 59 mg/liter; C-I1 = 32 &liter; C-111 = 65 mg/liter; apolipoprotein D = 37 &liter; and apolipoprotein E = 85 mg/ liter. Levels of C-I, C-11, and apolipoprotein E approached adult levels (83 to 86% of the adult levels), whereas apolipoproteins B and D were most reduced when compared to the adult concentrations, 29 and 37%, respectively. The three other apolipoproteins were present at approximately one-half the levels found in adults.
Summary
Studies on the cord serum lipid transport system were initiated to determine whether there is a correlation between decreased cord serum lipid levels and the absence or diminished level of some or all of the human serum apolipoproteins. Immunologic studies indicated the presence of all the well-characterized apolipoproteins and provided evidence that these apolipoproteins occurred primarily as distinct lipoprotein species with a paucity of association complexes or what others have termed "triglyceride-rich" lipoproteins. Quantitation of the apolipoproteins present in cord serum by electroimmunoassay yielded the following mean levels: A-I = 730 mg/liter; A-11 = 410 &liter; apolipoprotein B = 280 mg/ liter; C-I = 59 mg/liter; C-I1 = 32 &liter; C-111 = 65 mg/liter; apolipoprotein D = 37 &liter; and apolipoprotein E = 85 mg/ liter. Levels of C-I, C-11, and apolipoprotein E approached adult levels (83 to 86% of the adult levels), whereas apolipoproteins B and D were most reduced when compared to the adult concentrations, 29 and 37%, respectively. The three other apolipoproteins were present at approximately one-half the levels found in adults.
Speculation
The immunochemical studies on the apolipoprotein levels and lipoprotein forms of cord serum provide part of the data necessary for studying the progressive changes in the human lipid transport system from its fetal form to that of the adult.
Studies on the human adult serum lipid transport system have established that the major serum lipids (triacylglycerol, cholesterol, cholesteryl esters, and phospholipids) are bound to particular protein constituents (14, 32) . designated apolipoproteins. Such lipid-protein complexes (lipoproteins) have been most commonly classified on the basis of two of their characteristic physical properties. i.e., hydrated density (26) and charge (30) .
Studies on the antigenic components of the major lipoprotein density classes and electrophoretic bands in the human adult have clearly demonstrated their protein heterogeneity (4, 37) and lead to a classification system based on apolipoproteins as the only distinct chemical markers of this system (1, 2). This concept has been developed into the lipoprotein family theory and has been described elsewhere (2) . Recently, the levels of all well-recognized apolipoproteins have been reported (3) .
Application of these physicochemical techniques to cord sera has established that compared to normal adult levels, very low density lipoprotein (VLDL) is virtually absent (39) or present in low concentrations (13, 15) , low-density lipoprotein (LDL) is markedly decreased (8, 42) , and the predominant lipoprotein density class is high-density lipoprotein (49) . In addition, the lipid levels of cord sera are also lower than the corresponding levels in adult sera (42, 49, 50) . However, it has not been established whether there is a correlation between the decreased cord serum lipid levels (42, 49, 50) and the absence or diminished level of some or all of the apolipoproteins. The studies described herein are the first reports of the qualitative and quantitative composition of the apolipoproteins and their lipoprotein forms in human cord serum.
MATERIALS AND METHODS
Cord blood was collected from the placental end of the umbilical vein following transection at delivery. Serum was collected by low-speed centrifugation and stored at 4OC in the presence of 0.01% thimerosal, 0.01% of NaNn. and ethylenediaminetetraacetic acid, tetrasodium salt dihydrate (EDTA) until analytical studies were begun. Cord sera from infants of birth weight ~2 5 0 0 g with an estimated gestational age of less than 38 wk or greater than 42 wk and with any known perinatal problems were not included in any of the studies on normal cord sera.
Triacylglycerol and total cholesterol were determined according to the procedures recommended by the Lipid Research Clinics (3 I), whereas free cholesterol and lipid phosphorous were assayed by previously described procedures (5) . Lipid phosphorous was converted to phospholipid by the factor 25. Serum-free fatty acids were extracted (29) , and their levels were determined by gas-liquid chromatography as described by Mason and Waller (34) . Serum lipids were determined within two wk of collection.
Double-diffusion and immunoelectrophoretic analyses were performed in 1% agarose as described earlier (4). These analyses were done within 3 to 4 days after collection. The preparation of antisera to A-I. A-11, lipoprotein B (LP-B), C-I. C-11, C-111, apolipoprotein D (ApoD), and apolipoprotein E (ApoE) for these analyses has been described in other reports (4, 16) . Quantification of these apolipoproteins was performed by adaptation of Laurell's rocket electrophoresis as described in several reports from this laboratory (3. 16-19) . Serum samples for apolipoprotein quantification were either analyzed immediately or stored at -20°C until analyses were performed. Under these conditions, storage had no effect on the stability of lipids and apolipoproteins. RESULTS Double-diffusion analyses of cord sera demonstrated the presence of all well-characterized adult apolipoproteins (Fig. I ), and these patterns were typical for all cord sera tested. The reactions of nonidentity between the antisera to LP-B, ApoE, ApoD, and A-I1 have been interpreted to indicate that these apolipoproteins reside on different lipoprotein species. The spur, indicated partial identity (38) between anti-A-I and anti-A-11, suggests the presence of two species of A-I-containing lipoproteins; one of these designated lipoprotein A (LP-A) contains both A-I and A-11, whereas the other contains only A-I and probably corresponds to LP-A-I found in the adult system. These two lipoprotein forms of A-I have been previously reported for the human adult system (6, 48) . The reaction of identity between antisera to C-I, C-11, and C-I11 when tested against cord serum indicates the presence of a lipoprotein species containing C-I, C-11, and C-I11 polypeptides. 
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Results of the double-diffusion experiments were supported by the immunoelectrophoretic analyses of cord serum (Fig. 2) . Mobilities of the precipitin arcs observed with anti-A-I and anti-A-I1 were similar, suggesting the presence of a lipoprotein species containing A-I and A-11, specifically LP-A. Even though C-I and C-111 when analyzed by immunoelectrophoresis have different mobilities in their lipid-free form in agar (I I ) and agarose, the cord serum yielded precipitin arcs to anti-C-I, C-11, and C-111 of similar mobilities, supporting the double-diffusion analyses which indicated the presence of lipoprotein C (LP-C). Precipitin arcs with antiserum to LP-B, ApoE, and ApoD had mobilities dissimilar to LP-A, LP-C, and each other. The only exception was the similar mobilities of lipoprotein D and LP-C. The immunoelectrophoretic and double diffusion patterns are compatible with at least six lipoprotein species: LP-A, LP-A-I, LP-B, LP-C, lipoprotein D, and lipoprotein E. The major difference as judged by immunochemical techniques between the adult and fetal lipid transport systems with respect to the forms of lipoproteins is the absence or extremely low levels in the fetal system of what we have termed association complexes (2, 18) and others have referred to as "triglyceride-rich" lipoproteins (37) . These.association complexes characterized by the fusion of precipitin arcs between antisera to LP-B, C-I, and/or ApoE (Fig. 3) were not detected in cord serum (Fig. 2) . The free form of LP-C in both adult and cord serum had similar mobilities (Fig. 3) . This suggests that lipoprotein species containing various combinations of apolipoproteins B (ApoB), C, and E (association complexes) are markedly reduced in cord serum. Such a finding would be expected because lipoproteins with S > 20 are virtually absent or present at low levels in the fetal system (13, 15, 39) although they represent the primary localization of such association complexes in the adult (17) .
Lipid and ApoB analyses of 255 normal cord sera (Table 1 ) agree with previous reports of low cord serum lipid and ApoB levels (42, 49, 50) . The total cholesterol:unesterified cholesterol ratio is similar to the adult ratio, indicating that the enzyme responsible for esterification of cholesterol, lecithin:cholesterol acyltransferase is functioning adequately in cord sera to maintain the ratio of cholesterol esters and cholesterol at levels similar to the adult ratio or that in the fetal system a large portion of the cholesteryl esters stem from the liver. Free fatty acids of cord sera (Table 2) were lower (20, 40) and represented about one-third the levels of adult serum. Compositionally, the fatty acids contained relatively more saturated fatty acids (20, 40) . particularly palrnitic acid.
Lipid levels of cord serum from males and females indicated higher triacylglycerol levels in males, lower total and free cholesterol levels, and lower phospholipid levels than those seen in females (Table 3) . Only the total cholesterol levels of males and females were significantly different (P < 0.05). The lower levels of cholesterol in males agree with studies on sex differences in cord sera at birth (9, 10) .
Quantitation of apolipoprotein levels (Table 4) confirmed the double diffusion analyses indicating the presence of all wellcharacterized adult apolipoproteins. ApoB levels were the most reduced when compared to adult levels in agreement with other reports (7, 23) , whereas apoproteins A-I, A-11, C-111, and ApoD were 37 to 60% of the corresponding adult levels. The amounts of C-I, C-11, and ApoE were present at levels approaching those of the normal adult (3). comparison of adult and cord apolipoprotein levels in both mg and pmole/liter, as well as ratios of A-1:A-I1 and C-1:C-1I:C-111 indicate similarities in the ratios of A-1:A-I1 (adult, 1.22 versus cord, 1.08) whereas the C-1:C-1I:C-111 (adult, 2.5: 1.0:3.2 versus cord, 2.5: 1.0: 1.9) ratio is somewhat different due principally to the decreased C-I11 level. ' ND, not detected. Fig. 3 . lmmunoelectrophoretic analysis of adult serum in 1% agarose. ' Consecutive cord serum samples.
' Significantly different ( P < 0.05).
:' Mean * S.E. Table 4 . Human apolipoprotein levels in cord and adult serum determined by electroimmunoassav I n munochemical studies of the cord lipid transport system have shown that all the well-characterized apolipoproteins are present although at lower levels than found in the normal adult, indicating that the reduced levels of cord serum lipids are not associated with an absence of any of the well-characterized apolipoproteins but rather with a reduction in the levels of each of them to different extents. ApoB, ApoD, and C-I11 were the most reduced of the apolipoproteins as were cholesterol esters and fatty acids of cord serum lipids.
C-I, C-11, and ApoE are present at levels approaching those found in the adult. All of these have been shown to be involved in lipolytic processes, C-I1 as a cofactor for lipoprotein lipase (27) , C-I as a cofactor for lecithin:cholesterol acyltransferase (46) , and ApoE as an inhibitor of lipoprotein lipase (41) . In additidn, ApoE has been shown to be increased in cholesterol-fed animals (43) and has an affmity for receptors found in peripheral membranes (33) .
Because C-I, C-11, and ApoE are present at levels approaching those seen in the adult, these three apolipoproteins would appear to play important roles in the delivery or storage of lipids in tissues of the rapidly growing fetus, either as cofactors for lipolytic enzymes or as lipid shuttles between various serum lipoprotein species or cellular membranes. Their role in storage of lipids in various fat depots would appear to be of importance because the energy needs of the growing fetus are primarily met by carbohydrate metabolism (21) , whereas fat metabolism becomes more important shortly after birth (35) .
In addition to the reduced levels of some of the apolipoproteins, the fetal lipid transport system appears to contain lipoprotein families (2,3) that occur mainly in their free form and n7t together with one another in association complexes. The absence or extremely low levels of association complexes or what others have termed triglyceride-rich lipoproteins (37) correlates with the reduced levels of plasma triacylglycerol and VLDL (39, 50) . The low amounts of association complexes strongly suggest that an insignificant amount, if any, of intact VLDL or other lipoproteins from the mother cross the placenta in agreement with other investigators (9, 10, 21, 23, 25, 50) . This conclusion is supported by evidence indicating that of the lipid moieties in maternal serum only free fatty acids (20) and unesterified cholesterol (lo, 28) are transferred across the placental membranes at term. Whether tht low levels of association complexes and LP-B are related to one Adult (pmoles/liter) another or are related to the virtual absence of gastrointestinal absorption of exogenous fat (44), to the rapid utiization of triacylglycerol and cholesterol by various organs for storage of energy and formation of membranes, to the hormonal effects such as estrogen (24, 45) , or to other variables is not clear. The utilization of triacylglycerol for storage is possibly reflected also by the lowserum free fatty acid levels.
An interesting comparative aspect of this study was that the fetal lipid transport system is similar in its lipoprotein density class distribution (8, 49) to that of other animal systems (36) . Most other mammalian systems including a number of nonhuman primates (36, 47) are characterized by relatively low LDL levels and high high-density lipoprotein levels. At some time after birth. the human lipid transport system is transformed from one containing relatively low VLDL and LDL levels to the adult system with a relatively high LDL level (36) , which continues to increase with age (22) . The initial changes in the lipid transport system probably result from the initiation of PO feedings with milk (human or otherwise) and the end of hormonal effects contributed by the mother and placenta. Thereafter, the substantial energy needs of the rapidly growing infant must require a very efficient and effective system for transporting ingested lipids to various tissues. Until the infant's growth rate falls to that of a young child, the energy requirements for rapid growth would be expected to determine the nature of the lipid transport system. When a stable growth rate has been achieved, the system should then reflect the dynamic nature of lipid metabolism required for meeting the maintenance energy needs of man. The data on apolipoproteins presented here can serve as a starting place for study of the lipid transport system as it changes during the early days and months of life.
